Section of Laryngology 527 needed at once; the other patient had a great degree of dysphagia, with the PlummlerVinson syndrome, and there was superficial ulceration, which he thought was malignant. In neither case was there malignant change. Both were relieved by the operation of resection of the upper end of the cesophagus and turning in a skin flap, thus making a tube. One continued to attend for several years, but he had not seen her lately; the other had done well, and he still saw her. The condition was probably pre-cancerous.
needed at once; the other patient had a great degree of dysphagia, with the PlummlerVinson syndrome, and there was superficial ulceration, which he thought was malignant. In neither case was there malignant change. Both were relieved by the operation of resection of the upper end of the cesophagus and turning in a skin flap, thus making a tube. One continued to attend for several years, but he had not seen her lately; the other had done well, and he still saw her. The condition was probably pre-cancerous.
The youngest patient he had seen with post-cricoid carcinoma was aged 20. The growth had a very malignant character.
Late X-ray Reaction in the Larynx.-W. M. MOLLISON.
A woman, aged 47, has suffered from progressive loss of voice for one month; she can now only whisper.
In 1924, about eleven years ago, on account of exophthalmic goitre, she had treatment with X-rays, with good result. Last year (1935) she was depressed, and was found to be suffering from myxemdema. Treatment with thyroid extract by the mouth produced rapid improvement.
Examination now shows much scarring of the skin of the neck with petechial areas in the region of the larynx' no doubt the result of the X-ray exposures. The patient complains of shortness of breath now and then. The nose and pharynx are normal. The larynx is reddened generally. The left vocal cord is fixed in a partially adducted position. The right cord moves slightly, but does not abduct sufficiently to provide really free respiration through the glottis. The ventricular bands are also reddened. Around the anterior commissure is a small collection of "granulations."
It is suggested that this condition is a delayed result of X-ray exposures given eleven years previously. The condition of myxcedema was only diagnosed one year ago, though it is possible it had been coming on for longer.
In view of the narrow glottis and amount of inspiratory stridor, a permanent tracheotomy has been advised.
Rhinosporidiosis.-J. P. MONKHOUSE (introduced by F. C. ORMEROD).
A man, aged 26, attended hospital, complaining of nasal obstruction and a bloodstained discharge from the right side. He stated that he had been in India and had had two previous operations for the same trouble. A tumour was found growing from a pedicle attached to the base of the anterior end of the right inferior turbinal, the anterior portion of which had already been removed.
Microscopical examination showed the typical double-walled cysts containing granular bodies.
The condition was first mentioned by Seeber in 1900, but was described more fully by Major O'Kinealy in 1903. Logan Turner has studied and described the structures and life history of the sporozoon.
The Mechanism of the Bronchial Movements and the Naso-pulmonary Reflex By MAXWELL ELLIS1
(From the Medical Unit, University College Hospital)
MY attention was first directed to the problem of bronchial movements over two years ago, when I was working with Dr. Chevalier Jackson in Philadelphia. The clinical material included many asthmatics who came periodically for the removal of thick secretion in the depths of the lungs. In these patients, with their exaggerated respiratory efforts, I was able to note the amount of movement undergone by the bronchial tree, and the next step was to record this movement. Jackson (1917) , and the vertical movement of the carina has been recorded and measured by Weingaertner (1920) . Bullowa and Gottlieb (1920) used radio-opaque oils in the bronchial tree to portray it. Its existence is now beyond doubt. The mecbanism is the inspiratory suction effect of the chest wall and the diaphragm on the total volume of the lung, thus elongating the bronchi. Shortening occurs passively as the air escapes in the expiratory phase and the lung shrinks in volume.
There are, in addition to movements in a longitudinal direction, alterations in calibre, which have been observed through the bronchoscope (Ingals and Jackson). In inspiration the tubes are dilated, and they contract down again during expiration. Elongation alone should tend to narrow the tubes during inspiration, but actually there is dilatation at the same time as elongation. The mechanism of this rhythmic dilatation will now be discussed in the description of my experiments.
EXPERIMENTAL METHOD
An instrument has been? designed which could be inserted through a specially made bronchoscope into any given portion of a main broncbus of a dog (Ellis and Livingston, 1935) (A and B) , for a reason which will appear later. These are connected by a bayonet-joint F in such a way that, when it is fully closed, the lumen of each tube is continuous and airtight, as proved by blowing air through E which inflates the rubber cylinder, and through the main tube which does not do so. At first, it w-as thought that the central section, between Hand F, should be flexible, and, in the earlier instruments, it was constructed of gum-elastic. Subsequently this was found not to be necessary and the thickness of the gum-elastic encroaching on the lumen, was a disadvantage. The later instruments, therefore, were made entirely of thin brass. The outer tube can be closed off, but is usually allowed to remain open to allow of free circulation of respiratory air in the portion of the lung distal to the ruibber cylinder. Physiology, 1935, 84, 225. method of recording the alterations in shape of the balloon is necessary, and a volumetric metnod was selected. By calculation, it is found that changes in volume of the order of 0 1 c.c. must be clearly shown, and a small Brodie bellows was eventually chosen as the recording medium, fulfilling this condition.
Records obtained with this instrument show clearly to what extent the tube does alter locally in calibre with each respiratory movement. Some previous methods have consisted in measuring the total increase or decrease in volume of a lobe of the lung (Dixon and Brodie, 1903) , the intrapleural pressure (Jackson, 1913) , or the intratracheal pressure (Sandmann, 1890) . Apart altogether from technical considerations of how far such methods can be considered actually to register intrabronchial variations in size, the experimental animals were always in very abnormal conditions, and usually kept alive by artificial respiration. The method described above is very sensitive, and gives a satisfactory portrayal of intrabronchial variations in calibre in more normal circumstances.
CHANGES IN CALIBRE
In this example of a record obtained with the instrument (fig. 3 ) the changes produced by pilocarpine and adrenaline are well defined, showing the delicacy of the recording apparatus. Clearly shown also are the expansion and contraction of the bronchus with each respiratory movement, the former occurring with inspiration and the latter during expiration. These rhythmic movements may be produced in the bronchus mechanically by the suction of the chest wall, as mentioned above; they may be intrinsic; or they may be the result of nervous impulses. The last hypothesis has been advanced in Starling's " Principles of Physiology " (1933) , where it is stated that the bronchial musculature may receive nervous impulses to contract, and that this active movement assists the elastic tissue to rid the lung of air in the expiratory phase. If this were so, it would mean that, in man, bronchial muscle performs rhythmic contractions at the rate of at least fifteen a minute. Such a function of smooth muscle is unparalleled elsewhere in the body, and the same objection could be raised to the second hypothesis. Moreover, after bilateral division of the vagosympathetic trunks in the neck, the rhythm not merely persists, but the bronchi undergo a greater contraction and a greater expansion with each respiratory movement than previously ( fig. 4) . In numerous records it has been observed that the bronchial movements reduplicate exactly the respiratory movements, and I am convinced that they are produced indirectly by the thoracic and abdominal muscles. The mechanism is the same as that responsible for the length changes of the bronchial tubes, and is the increase in volume of the thorax in inspiration, the periphery of the lung closely following the excursion of the chest wall and the diaphragm. The decrease in pressure thus created in the lung substance causes air to flow into the bronchial tubes, dilating them. The arrangement of the structures in the walls of the bronchi allows of this flexibility-the isolated plaques of cartilage in the fibrous coat and the loose submucosa permitting an inspiratory dilatation. The network nature of the myo-elastic coat explains how shortening and narrowing can go hand in hand.
I believe that the function of the bronchial muscle is to maintain a certain tone in the bronchial tubes, preventing their' entire collapse or uncontrolled expansion, and I have as yet found no experimental evidence for assigning it a more active part.
PERISTALSIS
Certain of the earlier experimental workers with animals have described " peristaltoid" movements in the bronchi, similar to those in the gut (Einthoven, 1892; and Dixon and Brodie, 1903) . More recently, Bullowa and Gottlieb (1920 and 1922) and others have described similar movements in animals and man, visualizing them by injecting radio-opaque oil into the bronchial tree and observing the movements carefully with a fluoroscopic screen. The records shown by the former group are all inconclusive and obtained in a manner already indicated as doubtful. The latter group are creating highly artificial conditions in the interior of the bronchi, and observation of slight changes of breadth in the bronchi under the fluoroscopic screen is not easily made, as there is no means of measurement.
The volume of the interior of the bronchial system is termed by physiologists the " dead space," and Henderson (1915) (1890) showed an increase in the intratracheal pressure during this stimulation of the nasal mucosa, and averred that this indicated a broncho-constriction. Houssay and Cruciani (1929) using cross-circulation dogs after the method of Heymans, and measuring the intrapleural pressures by Jackson's method (above), also concluded that a broncho-constriction occurred when the nasal mucous membrane was irritated with ammonia. I have already stated my objections to such indirect methods of recording bronchial movements, and although my own results are partially in agreement, they do not coincide. It is easy in the dog to evoke reflex bronchial movements with irritant gases, but milder mechanical or electrical stimuli are not so successful. Fig. 5 shows that an electrical stimulus which was quite uncomfortable on my own tongue merely produced an exaggeration of the respiratory movements, when applied to the right side of the dog's septum. Dilute ammonia vapour blown into the right nostril occasioned a stoppage of the respiratory movements in the expiratory position in most cases, often followed by a gradual contraction of the lumen of the bronchus, which lasted a few minutes.
Sometimes, however, bronchial contraction comes on very quickly and disappears soon after the removal of the stimulus ( fig. 6 ). This type of stimulus is exceptionally strong and is not encountered in ordinary life. I have found it difficult to initiate reflex movements in the bronchus with slight degrees of irritation of the nasal mucosa, but the canine and human nasal cavities differ widely in their structure and function. Whereas the dog's nose is organized largely for olfactory purposes, man is only poorly endowed with this sense. The mucous membrane of the nose of the dog, although supplied with common sensation by th.e trigeminal nerve, does not at all resemble the Schneiderian membrane of man, and the latter may be more responsive to stimuli and to a greater extent the site of origin of distant reflexes.
However, I have had no opportunity of carrying out these experiments on the human and have no objective evidence to offer. I can merely say that stimulation of my own septum with an electrical current gave me no sensation of constriction in the chest, but I do not know how much bronchial constriction is necessary to provide such a subjective sensation. 27 533 I think that the tone of the bronchial muscle can be influenced reflexly, and that the nasal mucous membrane is a site from which such reflexes start, but a severe stimulation is usually required. Pain and defence reactions with accompanying blood-pressure changes then complicate the experimental results. Powerful stimuli applied to the nasal mucous membrane can evoke reflex respiratory and bronchial changes, the nature of which, however, is still obscure.
The many loose ends in this paper, some of which I am still in the process of unravelling, are an indication of how little we know of the normal mechanics of the bronchial tubes. That such an investigation would be not entirely of theoretical interest is clear when the ravages caused by asthma and other spasmodic respiratory diseases are considered.
Discus8ion.-EWART MARTIN said that in examining bronchi with the bronchoscope one noticed not only the movement on inspiration and expiration, but also the contraction of the bronchi. When warm air was blown down the bronchoscope, the small bronchi gradually contracted; when moisture was added to the air the bronchi began to dilate. Possibly this was due to the fact that the air respired through the nose was constantly carrying moisture to the bronchi. When the bronchoscope was in position the required moisture was not being supplied and consequently the mucous lining might become aedematous, giving the appearance of contraction, though on examination apparently the whole bronchus was contracted.
The ciliary movement could be demonstrated even by bronchoscopic examination and might give the idea of peristaltic movement, such as bad been described in Mr. Maxwell Ellis's paper. There was no doubt that where there was an excessively dry mucous membrane of the nose there was a similar condition of the. trachea and bronchi, with an added want of mnovement. Over-cocainization would give a similar appearance. so that experimental work on these lines with a bronchoscope should be carried out under a local anesthetic, and as little cocaine as possible should be used.
T. A. CLARKE said that a number of papers had been published in France on the nasopulmonary reflex, which was said to be homolateral. He thought that this would be a better explanation of lung disease on the same side as sinusitis than the previously suggested lymphatic spread. He asked whether Mr. Ellis's work. had confirmed the homolateral nature of the naso-pulmonary reflex.
H. V. FoRSTER said he understood that there was a unilateral naso-pulmonary reflex, which might spread, under continued stimulation, to the other side of the thorax, but he had been interested to read that experiments on the effect of such stimulation within the nose had been carried out on laryngectomized patients.
Reference.-" Researches on the reflex influence of each lung from its corresponding nasal cavity," A. Sercer (Zagreb), Acta oto-taryngol., 14, fasc. 1-2. ALEX R. TWEEDIE said he had once had the opportunity of " direct " inspeetion of the bronchi in a patient who, during an intranasal operation under a local ansesthetic, had such a severe asthmatic attack with loss of consciousness, that bronchoscopy was undertaken in order to exclude the possibility of some foreign body causing obstruction. Such direct examination was conducted with perfect ease and, although no foreign body was found, he had been impressed by the appearance in the secondary bronchi, which seemed to be occupied almost completely with swollen mucous membrane. C. A. FRANCIS said that Mr. Tweedie's remark about swollen bronehial mucous membrane was interesting, as that might partly explain the action of adrenaline. It undoubtedly relieved nasal congestion in hay fever if a few minims were injected hypodermically; in a few minutes the nasal passages were clear, the mucous membrane was tightly contracted, and one could see blanching mucous membrane in the pharynx. Therefore it was reasonable to suppose that a similar action occurred in the smaller bronchi.
MAXWELL ELLIS (in reply) said that he had not had the opportunity of trying the effect in man of any of the reflexes he had described, and he was pleased to hear that Dr. Martin was doing so. He had stated that he thought that the maintenance of tone was the chief function of the bronchial muscle. If this were so, reflexes produced locally from the surface of the overlying mucous membrane were to be expected, but he had not yet investigated this aspect of reflex bebaviour.
He doubted the validity oi the work quoted by Mr. Clarke. On theoretical grounds, the sensory side of the arc, the trigeminal nerve, ended in the medulla, where it would seem that spread to both sides was almost inevitable and that impulses would travel down both vagal nerves to the bronchi. He had on several occasions observed the right bronchus to show movements of contraction following stimulation of the left nasal cavity. Statements as to homolateral nasal reflexes were usually made in connexion with the treatment of asthma, and were of the kind that cessation of the attack followed the cauterizing of a spot on the septum. He would like more objective evidence than this before being convinced of the existence of such reflexes.
He had had no opportunity of observing reactions in marn, and his experiments had dealt with movements of the chest-wall as a whole, and not with those of the diaphragm particularly.
The case quoted by Mr. Tweedie was very interesting, and he (Mr. Ellis) thought that an extreme form of bronchial muscle-spasm had occurred. The bronchial mucous membrane contained no erectile tissue, such as that of the inferior nasal turbinal, and did not convey the impression that it could suddenly become turgid and swell sufficiently to occlude the tubes. He thought it likely that, for some unknown reason, the bronchial muscle in this case was unusually irritable, and was reflexly stimulated by the nasal operation to extreme tonic contraction.
